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EXECUTIVE SUMMARY

The threat of the use of organophosphorous oospounds in obemioal
warfare has impliocations for the safety of military pilota. Military
personnel in high threat environments are issued atropine for aelf
administration as an antidote. Both the toxic chemical compound and
the antidote ocan pose serious probless for the pilot. Previous
investigators have reocommended 2-mg atropine sulfate injections for
subjeots with suspected poisoning by & chemical agent, but they
reported that 5-mg injections in the absence of such poisoning might
produce significant side effects. They found that the first sign of
the effects of atropine was bradycardia followed by an inorease in .
heart rate. In studies using higher leveis of stropine (up to 12.9%
ng), oliniocal symptoms have been described as a parasympathetic block,
manifested by symptoms such as taohycardia and drmess of the mouth,
followed by diffuse ocentral nervous system effects of longer duration
(typioally 10-12 hours). They found that the sffeotive dose of
atropine sulfate that increased heart rate was 1.32 mg and the BD50
that deoreased oognitive performance was 4.7t mg. The physiological
effects appeared and disappeared more quickly than the performance
decrements. In another study, performance impairsent in routine tasks ..
was found 3 1/4 hours after final injection.

The U.3. Army has authorized soldiers to carry thres auto-
injactors each containing 2 mg of atropine sulfate. In the event of a
‘suspected anticholinesterase exposure, ailitary personnel are
instructed to 2 =g intramuscularly and to rejsat the injeotion 20
sinutes later if they are not experiencing the ¢ffeots of atropine
(e.g., tachyoardia and dry mouth). Tharefore, it {s possidle that up -
to 4 mg of atropine sulfate may be used by a military aviator who
suspects exposure, bu% was not exposed to an organcphosphate agent.

While previous experimenters have adequately descoribed gross
psrformance effeots of atropine, an evaluation was needed to determine
the effects of atropine sulfate on the performance of oomplex
psychomotor tasks in aviators. The use of flight simulators to
collect data on the effects of drugs on pilot performance was
attractive. The purpose of the present stud, was to examine the effect
of atropine sulfate on pilot performance and to investigate
physiological correlates of this effect. FPFlight simulator
performance, Sternberg task performance, and subjective assessments of
pilot errors were used to exsamine the performance effects. To assess
the nhysiological effects of atropine, changes ia electrocardiogram
(ECG) and subjective symptoms were recorded. Heart period and heart
period variation information was derived from the ECG recordings, and
the variance within the heart periods was partitioned into an estimate
of RSA amplitude (V).




Method

The equipment used to collect flight performance data during
instrument flight rules (IFR) flight consisted of a fixed-base flight
simulator with its own digital computer. A second computer was used to
record digital performance data and to drive a speech synthesizer to
generate and present auditory stimuli to the simulator oockpit.

Twenty healthy, male general aviation puotl ranging in age from
19 to 30 years (mean 22 years) served as subjeots. ‘‘he flight
sxperience ranged from 112 to 1150 flying hours with a mean of 307
hours experience. Simulator experience for the subjects ranged from 5
to 100 hours; nineteen subjeats each had at least 19 hours of

~ experience, with a mean of 37 hours.

‘The experimental scenario inaluded a primary task, flying the
simulator using standard instrument flight procedures; and a secondary
task, the Sternberg choice reaction time task. The primary task was
representative of tasks that pilots typically perfora when flying
under IFR conditions. The secondary task was. representative of
communioation tasks that increase workload by requiring the puot to
receive, understand, and respond to vorbu information.

‘rho primary task consistod of a direct entry to a holding
pattern, the execution of three holding patterns, and a simulated
Instrument Landing Systes (ILS) approach. Throughout the primary
task, the flight parameters of altitude, rate of turn, localiser, and
glideslope trucking were sampled at | Hs by the computer. During the
flight, the Sternberg task was randomly presented as a ucondary task
to increase the workload of the sudject.

Physioiogiocal recordings of five minutes of ECG and respiration
data were recorded following each simulator flight. After the
physiological recording sossion, subjects answered a 13-item aymptoms
cheoklist. :

The experimental sessions included simulator flights and
physiological recording periods alternating on 20-minute cycles for
three hours post-injection. Pour-hour experimental sessions were
scheduled one week apart for seven consecutive weeks. The subjects
completed two training sessions which acquainted them with holding
procedures, ILS approaches, and the Sternberg task. The first
atropine sulfate injection was given during the third session.

Four levsls of atropine sulfate and a placebo were administered
to each of the 20 subjects over the course of five experimental
sessions. A five by five Latin Square design was used to balance drug
order effects. There were four subjects per group and eaoh group had
a different treatuent schedule.




All drugs vere administered acoording to subject weight. The
subjeots received atropine injections of 4, 0.006, 0.013, 0.026, and
0.053 mg/kg, which oorresponded, respectively, to the 0, 0.5, 1.0,
2.0, and X.0 mg/75 kg treatment ocnditioas.

The first flight for eash experimental session servad as a
baseline flight. Pollowing the first flight, the appropriate level of
atropine sulfate was administered during the rest period after
baseline physiologioal data had been collected. Performance data on
the primary and secondary tasks wers ocollected for ths remaining five
flights. BCG and respiration rate were recorded during the rest
periods following the remaining five flights. All data were colleoted
under double blind conditions.

A Latin Square wvithin sudbjects; repeated seasures anzslysis vas
used for statistiocal analysis. This plan assumes that treatment,
oxperimental session, and flight are fixed effects and that subjeots
within the groups is a random variable.

Results

3ix root mean square (RM3) deviation values wvere computed from
simulator flight datas altitude error while straight and level
(ALT1); altitude error while turning (ALT2); turning rate control
while straight and level (TC1); turning rate control while turning
(TC2); localizer (lateral) traoking error (LOC); sad ‘glideslope
(vertical) tracking error (GS).

The mean RMS errors were plotted as a function of time (f1ight)
for each of the six primary task dependent variables for the five
treatment conditions. The predominant treatment effect was the time
course of the 4.0 mg/75 kg treatment condition. PFor all dependent
variables, the inoreased mean RMS error for the 4.0 mg treatment
condition was apparent for the second post-injeotion flight (time
1300) and ocontinued to inorease or to remain essentially the same
throughout the remainder of the experimental session. There appearaed
to be no difference between the control and the 0.5 and the 1.0 mg
treatments. The 2.0 mg treatmen: ocondition showed inoreased RMS error
for some time periods and variables. ,

A multivariate analysis of variance (MANOVA) was used to test the
main effects znd the first order interasction effects. An approximate
F-Test, based on Wilks' Criterion, indicated a significant treatment
main effect, but session and group were not significant. The
treatment x flight interaction was significant, but other interaction
effects were not signifiocant.




An analysis of variance (ANOVA) showed significant treatment
effects for each of the six primary task depercent variables. Linear
ocontrasts between the oontrol and each of the four treatment levels of
atropine indicated that the treataent effact was primarily due to the

. 0=-8 contrasts, which were significant for all six dependent variabdbles.

The contrast between the control and the 2.0 mg treatment level for
altitude' oontrol while turning was significant. The main effect of

flight was significant for five of the primary task dependent

variables (LOC was the only exception). The treatment x flight
interaction was significant for four primary task dependent variables.

MANOVAs for each flight showed that the treatment main effeoct was
signifiocant for flights 3, §, 5, and 6, but not for flights 1 and
2. ANOVAs for each of the six primary task depsndent variables for
each flight indicated no significant differences for any of the depen-
dent variables for flights 1 and 2, but significant differences were
found for three of the primary task dependent variables for flights 3,
§, 5, and 6, and for the other three variables for at least the last
flight. Contrasts were computed between the control and each of the
other treatment conditions. The primary loci of the pertornnnoo
decrements are in the 0O-M contrasts.

Standardized RMS scores for five of the six' primary task
dependent variables showed a monotonic increase from the 0.5 to the
5.0 mg treatment level for the fifth flight.

Tracings of lateral tracking for the holding and approach phases
of the simulator flight task were soored for “procedural® and "fatal®
errors. Due to lack of inter-rater reliability, the results of the
"procedural® and "fatal" error analysis were not inoluded.

The overall intrusiveness of the Sternberg task on the primary
task was tested and found to be minimal. The findings also indicate
that performance on the Stornborg task did not differ between drug
treataent levels.

Percent acouracy and reaction times were plotted. Compared to
the anproach phase, higher accuracy and faster response times were
found for the holding phase for both positive set sizes, 2 and 4; the
data lie in completely ncn-overlapping clusters. The data indicate
that the Sternberg task was a good secondary task. The randoam pattern
of data for the 2 and U positive set size and across the different
treatment levels within the. approach and the holding phases olearly
indicates that there were no speed-acouracy trade-offs as a r\mction
of treratment level.

The mean true and falac reaction times for the five poat-'

injection flights were plotted as a funotion of positive set size (2
and 4) for each of the treatment levels. No treatment sffects were
found during either the holding or approach phases. During the




holding phase, the slopes for the true reaction times were positive
and the true reaction times were faster than the false reaction times.
These results are oonsistent with the Sternberg model. The negative
slopes of the false reaction times for the holding phase, however, are
not oconsistent with the Sternberg model.

An ANOVA indicated that there was no treatment main effeot for
the reaction time variable, nor were the flight, positive set size,
group or period main effects significant. The true-Calse main effect
wvas significant and the true-false x positive sot size interaction
was significant.

The ECO data were digitized and the nean heart period (MHP), the °

heart period vaiiance (HPV), and V were oomputed. The V¥V and the HPY
were transformed using a natural logarithm transforsation to normalise
the distridutions. Means for tho MHP, HPY and V distridbutions were
computed for each treatment ocondition for uch of the six

physiologiocal recording periods.

The means for the heart period data revealed tha® there wasa
deorezse in HHP for the 4.0, 2.0, and 1.0 mg treatment conditions for
the first post-injection time period (3:35). The peak effeot for the
8.0 mg treatment oondition ocourred during this perivd and was
followed by a gradual recovery which was still in progresa at the end
of the experimental session. The time course of the 2.0 mg treatment
condition was similar. The peak effect of the 1.0 mg treatment
" qondition ocourred during the seaond ;.o-t-injocuon period (1115)
followed by a gradual recovery which was oomplete by the fifth post-
injeotion period (3:115). The 0.5 mg treatment condition showed an
inorease in the mean heait periocd followed by a recovery,

The HPV and ¥ mears indicated similar dose-response time trends
for the 4.0, 2.0, and 1.0 mg treatment conditions as those observed
for the MHP treatment. The means for the 0.5 mg treatment condition
were not signifiosntly different from the control mean for any of the
post-injection time periods for either HPV or V.

ANOYAs for MHP, HPV, and V indicated that the main effects of
treatment and time were significcnt as was the treatzent x time
interaction, but the group and experimental session maln effeots were
not significant. ANOVAs, computed for each post-injection time period
for each dependent variable, indicated that each post-injection time
interval was significant for each of the three dependent variables.
Linear contrasts between the control (0) and the 2.0 mg and between
the contc,3l and the 4.0 mg treatmsnt conditions for all three

dependent variables were significant for al] post-injection time

periods, which indicated that the MHP, HPV, and V all failed to return
to the control level. The 0-1 contrasts were signifioant for the
first three post-injeotion periods for HPV and for the second, third,
and fourth post-injection periods for MHP and ¥, The O«1 contrasta




were not significant for the final post-injection period for any of
the three dependent variables, which indicated recovery for all three
dependent variables at 3:15 post-injection for the 1.0 mg treatment
condition. None of the contrasts were significant between the 0 and
0.5 mg treatment conditions for HPV and V and only the firat contrast
for the :35 post-injection period and the last (3:15) for MHP. The
first contrast was the result of a significant increase in tho MHP.
The 0.5 mg treataent ocondition had no significant effect on HPV or V.

The ED50s of the atropine for the three dependent variables were
estimated using probit analysis. The quantal response used as the
oriterion was a 30% decrease in MHP, HPV, or '3. The number of
individuals that had a 30¥ decrease for each treatment level was used
for the probit analysis for each dependent variable. The ED50as of
atropine for the 30% decrease werse:

(a) MHP = 2.52 mg OR(2, Na=#) = 2.57, p=.28);

(b) HPY 2 1.61 mg OR(2, Nsb) = 6.58, ps.04); and

() . ¥ 20,98 mb O2(2, Xal) = 1.21, p=.55 ).
¥hen the ED50s of the three dopendent variablos were c.mpared, RSA
amplituce (V) was the most sonsitive indicator of the vnsolytio
effects of atropine sulfate.

ED50s8 were estimated for 6 symptoms using probit analysis. The
EDS0 estimate for the symptom, "Dry Mouth,” was 0.3 mg; "Difficult to

Swallow,” 2.11 mg; "Hard to Read Cheoklist,” 3.29 mg; and "Fluttery
Chest,” 5.07 mg of atropine. All estimates provide a good fit to the

.estimated probdit line. Good fits to the probit line estimate were not

obtained for "Racing Heart", with an estimated ED50 of 2.58 mg; and
for "Lights Bright,” with an estimated ED50 of U4.28 mg.

Nineteen of the twenty subjeots completed a post-partioipation
questionnairs. All persons receiving 4.0 mg of atropine sulfate
perceivaed the effects. Aboul two-thirds complained of visual
probleas; approximately one-third complained of dizziness, headache,
fatigue, and confusion; eleven (59%) reportad that the symptoms were
worse than expected and would not partiocipate in a similar experiment
again. The side effects of the 4.0 mg treatment level were felt for
an average of 14 hours with a range of 2 to 48 hours reported.

Discussion

The results from the primary task dependent measures clearly
indicated the effects of atropine on pilot performance. The U.0 mg
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treatment condition consistently resulted in performance decrements
for flight tasks observed. 3Some performance deorements ocourred for
the 2.0 mg treatwent level, but these decrements appeared later, were
not as consistei.l across flight tasks, and generally persisted for a
shorter time duration compared with 4.0 mg. Mo substantial primary
task performanca decrements should be upootod for the 0.5 and the 1.0
ng treatment oonditions.

A ocomparison of the six prisary task dependent variables at the
2120 post-injection time period indicated that five of the variables
showed a monotonic increase in mean RMS error (reduced performance) as
the level of atropine was increased beyond 0.5 mg, demonstrating the
orderliness of the dose~responss of atropine. The present study has
clearly demonstrated that RMS error for altitude and heading cont-ol
while both straight and level and turning, and for dual task tracking

is effective in deteoting the dose~response erfeots of atropine over

time.

Some perforsance decrement should be expeoted within 1340 after
injecting 2.0 mg of atropine and the substantial performance
decresents that oocur within 1:00 hour of a 4.0 mg injection should be
expected to continue for over two hours. The performance decoreaents
related to atropine were compared to known performance decreaents from
aloohol. Probit unalysis indicated that the estimateld EDS0 for the
level of atropine equivalent to the decrement found for the 0.082% BAL
ethanol level wa3 3.12 mg of atropine sulfate; a very good fit to the
probit line estimate was found. These data indicated that in fifty
peroent of the pilots; the perforaance decrement caused by a 3.0 mg
injection of atopine will be similar to that caused by a 0.082 BAL.

The 3ternberg task clearly fulfilled its role as &« secondary
task, loading the pilot's residual capacity. This locding was most
clearly demonst.rated by the Aifferences in Sternberg task performance
between the holding and approach phases. Interestingly, despite the

pronounced sffects of drug treatwent on-the primary flight task, drug

treatment failed tv show any influences on the Sternberg task. The
most likely hypothesis to explain this lack of effect is simply that
atropine sulfate failad to influence the oognitive processes involved
in performing the Sternberg Lask.

The MHP, HPV and v data clearly indicated the physiological
affeots of atropine sulfate and the time course of the effezt. The
decrease in MHP for the 4.0, 2.0, and 1.0 mg treatment conditions
observed during the first post-injsotion recording period (:35) was
expected. Other investigators have reportad an aarly onset of rapid
tachycardia. The MHP data for the 0.5 mg trsatment level showed the

expected bradycardiaz followed by recovery. As had been previcusly ‘

reported, higher atropine levels rasulted in rapid parasympathetic
effeots, indicating rapid blocking of the vagal influence on the
heart.
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As expected, the dose-response relationships for performance
effects, physiological effects and symptoms varied significantly gmong
the individual subjects. Probit analysis provided estimates that
acoount for individual differences. The estimate of the atropine
level st which 50% of the population will experience a 30% decrease in
MHP was 2.52 mg of atropine. The estimate for a 30% decrease for HPV
wvas 1.61 mg of atropine and the estimate for vV was 0.98 ag of
atropine. These findings appear to svpport the conclusions of’
previous investigators that V is sensitive <o changes in the vagal
influence on the heart and responds in a different manner than MHP and
HPV. Clearly, these findings indicate that V 1s a more sensitive
seasure of the vagolytic effects of atropine sulfate than either MHP
or HPV, '

The use of probit analysis to rank order subjective symptoms and
to give sstimates of ED50s is informative., After injecting 0.5 mg of
atropine sulfate, one can expect 50% of the population to experiencs
dry mouth and 1 mg will produce the same effect for a longer duration.
The 2.0 ug level will produce difficulty in swailowing and some
complaints of tachycardia. The 4.0 mg level will produce highe.
incidences of the lower dose symptoms plus visual effects that may be
very significant to aviators.

The use of atronine sulfate during comnlex task performance is
not norsally recomeended. Howevsr, in the cise of military pilots who
are required to operate in a high risk chemical warfare ¢avironment,
auto-injection and/or pretreatment with atropine sulfate may be
essential to survival. A single 2.0 mg atropine self-injection is -
expected to result in some reduced ability to perform complex pilot
tasks, and should be nsed only when there is a very higzh probtmbility
of exposure. A 4.0 mg injection was found to produce significant
performance dearements and to clearly inoreass tbo risk or coror whan
performing complex pilot tasks.

The difference in the time course of the dose-responce
relationships for performance dacremsnts, physiological response and
symptoms was one of the most interesting findings of the present
study. This finding also appears to provide information of potential
operational significance for the use of atropine sulfate among Army
aviators. Tne psrformance decrements for the 2.0 ag atropins level
era not significant until 1:40 post-injection. At the 4.0 mg level
of atropine, the performance decremsnts were significant at 1:00 post-
injection. On the other hand, the physiological sffects were noted at
:35 post-injection. Unlike the jmmediate parasympathetic effects:
(i.e,, dry mouth and tachycardia), the performance decrements lag
considerably.

This lag in performance decrsments when compared to the
physiological symptoms may permit the military pilot who injscts
atropine sulfate, but has not been expossed to a chemical agent, time




to land safely. With higher levels cof atropine, nowever, the lag
between atrcpine injection and physiologioel performance elfects is
reduced, If an Army aviator injects 4.0 mg of atropine and experiences
the effects of atropine (e.g., taohyocardia and dry mouth), it is
expected that performance decremants will follow. The physiologioa

symptoms can be used as an alerting signzl to the aviator.

10
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INTRODUCTION

The threat of the use of organophosphorous compounds in chemival
varfare has implications for the safety of military pilots. Many
chemioal agonts are strong aeurotoxins that can be lethal in amall
amounts and detrimental to psychomotor perforsance in minute chronio
exposures. Therefore, military personnel in high threat environments
are issued atropine for self administration as an antidote. Both the
toxio chemical compound and| the antidote ocan pose serious problems for
the pilot.

Acute exposure to an organopkosphorous compound results in the
inhitition of acetyoholinesterase (AChE) which in turn results in
acousulation of acetylcholine (ACh) at the neural synapsesa. The
acoumulation of ACh, a svotransmitter, causes cholinergic recveptors
to be overstimulated. n fatal exposures, death is ocaused by
respiratory paralysis in conjunotion with central nervous aystea (CNS)
depression (1).

Antidotal drugs can be used either as s therapeutio or as a
pretreatment. Therapeutic treament of ACLE inhibition requires that
anticholinergio drugs supch as atropine sulfate be administered
immediately following exposure to combat the muscarinic symptoms.
Atropine sulfate penetrates in the CNS and antagonizes the excess ACh.
Goldstein et al. (1) noted| that atropine acts on the parasympathetioc
effector organsa and the [CNS, but that there is prloucally no
antagonistic effect at the neurcmusuclar junotions.

In olinical settings atropine sulfate is presoribed in doses up
to 1 mg. After acute exposure to organophosphorous compounds, an
individual's tolerunce to atropine is increased, and up to 50 mg may
be used the first day to fnonblt. the muscarinic syaptoms (2). The
physiological symptoms and gross behavioral effects of atropine
sulfate have been studied in man. Cullumbine, McKee and Creasey (3)
evaluated the effects of administering 2 to 5 mg of atropine sulfats
to normal healthy subJeotoJand conoluded "that 2 mg. atropine sulfate
oan be recommended for injection into subjects with suspected
poisoning by an anticholinesterase, but that 5 ag. in the absence of
such poisoning may produce embarrassing effeats" (p. 318). They
reported that, in many individuals, the first sign of the effects of
atropine was bradycardia followed by an inorease in heart rate.

The comparative pharmacology of atropine, scopolamine and ditran
has been investigated by Ketchum, Sidell, Crowell, Aghajanian. and
Hayes (4). Their study o?noeneratod on the effects of the higher
doses of atropine (up tow 12.95 mg). The clinical symptoms were
described as a paruy-pathotio block, manifested by symptoms sush as
tachycardia and dryness of |the mouth, followed by diffuse CNS effects
of longer duration (typically 10=-12 hours). They found that, in a Td
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kg person, the effective dose of atropine sulfate that increased heart
rate by 30% in 50% of the sudbjects (ED50) was 1.32 mg. The ED50 that
decreased ocognitive performance on the Number PFaciliity test by 25% was
8.71 mg. The cardiac a3ffeots appeared and disappeared more quiokly
than the performance decrements on the Number Facility test. An
incorease in heart rate was also observed by Sawka et al. (5) who
reported the peak cardiac response at 70 minutes post-injection using
‘0.5 to ¥ mg of atropine.

Koylan-Jones (6) evaluated the bdehavioral effects of three 2-mg
injections {(each 20 minutes apart) by observing routine tasks (i.e.,
hard labdor, map reading and compass bearings, rifle shooting and tire
ochanging) and the Number Pacility task. In most of the 23 subjects
studied, he found some degres of perforsance impairament 3 bouu and 15
ainutes after administraiion of the final injection.

The U.3. Army has authoruod soldiers to carr'y three auto-
injestors each oontairing 2 mg of atropine sulfate (5). In the event
of a suspected antichulinesterase exposurse, military personnel are
instructed to inject 2 mg intramuscularly and t» repea® the injection
20 minutes later if they are not experiencing the effects of atropine
(e.g.y tachycardia ard dry mouth). Therefore, it is nossible that up
to ¥ mg of atropine sulfate may be used by a military aviator who
srspects exposure, but was not exposed to an organophosphate agent.

While previous experimenters have aduquately desoribded groas
behavioral effects of atropine, an evaluation is needed to determine
the effects of atropine sulfate on the performance of complex
psychomotor tasks in aviators. The use of flight simulators to .
colleot data on the effects of drugs on pilot performancs is
attraotive. Billings, Gerke, and Wick (7) orally administered
secobarbitol and compared performance in flight to perforaance in a
ground simulator. They found the magnitude of errors to be smaller
but more consistent in the flight simulator than in the airoraft.
They ooncluded that the fligh® simulator provided a sensitive means by
whioch to study the effects of drug streass on pilota. Flight
simulators have been used by a nuaber of investigators to study the
effects of ethanol on pilot performance (8, 9, 10, 11, 12).
Performance decrements have been found at moderate blood alceohol
Jevels (.05 BAL and above). Plight simulators have also been used to
study the effects of marijuana (13) and anti-emetic drugs (14).

The root mean square (RMS) deviation or tracking error has been
used as a dependent measure for determining the effects of drugs on
pilot performance in the flight simulator (15). Computation of an RMS
. error is similar to computing a standard deviation except that a
targeted value is substituted for ths parameter mean. Following a
revievw and analysis of RMS errors, Kelley (16) concluded that with
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respect to lusuring error nplimdea, RMS error was the best sinslo
seasure.

Performance on flight simulator tasks, such as instrument fnght
prooedurvs, is likely to bs relatively automatioc in a well-trained
pilot and mental resources may not be fully used. Under drug stress,
it has been assumed that subjects shift to other resources to
compensate for drug effects (17). A secondary task can be used to
inorease task difficulty. The Sternmberg task, a ohoice reaction time
task involved with short-term memcry, was selected as a secondary task
for the surrent study for the following reasonst

1. A performance model had been dovolopcd which allowed the
diagnosis of effects on speoific cognitive processes (18).

2. rn: task had been successfully used ror toxioant studies (17,
19).

3. The task had been used in dua. task pcrfomnoo anoulonf.
(20, 21, 22).

A, The task, vhich in the pruint study used an auditory
stimulua and manual response, was expscted to have high face
validity as a communications task for pilots.

Sternberg assumed that more complex choices take longer to
process mentally and that the mean reaotion tise (RT) is a linear
funation of the number of available alternatives or positive set sise
(23). Be (18) also assumed that the factors that make up the mean RT
are additive. He desoribed fcur processing stages involved in
evaluating the test probe and responses: (a) stimulus encoding, which
depends on the clearness of the test probde presentation; (b) a serial
and exhaustive memory search through the elements of the positive set;
(o) a binary decision of "true® or "false" for the sorrect response;
and '(d) the translation and organization of the answer into a

response.

The Smith and Langolf (17) and Osborne and Rogers (19) studiea
used the Sternberg task as a aingle task. The primary goal of the
present study was to examine pilot performance. Therefore, the
- Starnberg task was used in a dual task situation with the primary task
being flight simulator performance. When aubjeots time-share in dJual
task situations, emphasis may be switched between the tasks as a
result of changes in task difficulty or because of changes in mental
processes that result from the drug effect. Responses to the
Sternberg task are scored for reaction time and accuracy and are
potentially susceptible to speed and accuracy trade-offs.

The final reason for selscoting the Sternberg task was its high
face validity to the pilot subjects. Ogden et al. (24) pointed out
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pilot performance, we are interested in evaluating the
correlates of these effects. Time correlates; mean heart period

variance (HPY), or the change in sequential beat-to-be
over time, have been extensiveiy investigated. The

measure of RSA, V, which is the amplitude of the heart period variance
oorresponding with norwal respiration (i.e., 0.12 to 0.40 Hz).

Yongue et al. (27) used atropine methylnitrate and phenylephrine
to pharmacologically manipulate the V estimate of RSA in rats.
Atropine mwethylnitrate produced a peripheral bdlock of ¢t vagus and
decreased RSA, while phenylephrine elevated RSA indirectly by
hypertensive effects. MoCabe, Yongue, Porges, and Ackles (28) studied
the relationship tetween RSA and the vagus in rabdbits dy manipulating
vagal tone with aortic nerve stimulation. They concluded that "V i»s
seasitive to manipulations of vagal influences on the heart," and that
it often responded "in a different manner than heart period or heart
period variance® (p. 149). Porges and his ocolleagues studied the use
of RSA for monitoring levels of anesthesia (29) and for evaluating
stress (30). |

Dose-response relationships of toxic compounds normally vary
widely among individuals and this variadbility must be taken into
account when investigating drug effects. The classical dose-response
relationship is sigmoid in form. Quantal (all-or-none) dpse-responses
such as lethality are normally distributed and the percent response
can be converted to a standardized unit of deviation from the mean of
the normal distribution. In toxicology, these units of d{&viation have
been termed normal equivalent units of deviation (NED). he NED scale
18 a Z score scals with the mean (50% response) equai to 0 and + 1 NED
equal to 8M.1 percent response; while - 1 NED is equal td 15.9 percent
response. The NED scale can be converted to the probit (probability
unit) socale by adding + 5 to the NED scale. Thus, the mean of the
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probdit scale equals 5 and the standard deviation equals +/- 1. The
logarithu doce of the drug can de plotted as a funotion of percent
ounulative response using a probit scalc. Probit analysis is commonly
used in toxicology for estimating t.ypioal relative dose~response
relationships.

If the oriterion responss is lethality, the lethal dose resulting
1n 50§ mortolity (LD50) will be equal to 5 on the probit soale; if the
oriterion is a gradsd response, an effective dose resulting 1n 508
response (ED50) will equal S on the probdit scale.

Acisopine sulfate doses above 1.0 mg are expected to result in
msonotonic responses within individuals. However, below 1.0 mg,
opposity responses to atropine ars expected, such as inorsased heart
periods at low doses as reported by Cullumbdine et al. (3). The
treatasrt effects above 1.0 mg are likely to result in desrements in
oomplex performance. Graded responses by individuals may be converted
to quental respons¢ (all-or-none) by referring to a specifio graded
responst level as the oriterion. For example, mean heart period may
be analysad by counting the number of subjects at each dose level who
had more than a 30% deorease in heart period. The use of graded
responses as quantal recponses in prodit analysis is nooopcablo
acoording to Klaassen and Doull (31). _

Si4ell and Pless (32) used probLit analysis in a atudy of the
effects of ethanol to determine the relative ED50 for subjective,
physiological, and behavioral symptoms. They found the technique
particularly useful because some subjeots respouded with "severe®

symptoms on some items, although few items were marked consistently.

Using probit analysis, Sidell and Pless (32) were abdle to rank order
the synptoms from "sleepy” (EDSO = 0.6 mg/kg) to "altersd speech"
(ED50 = 1.T mg/kg) (p. 258). Probdit analysis was used similarly in
the present atudy to analyse responses to a subjective lylpeonl
ohecklist.

The purpose of the present study was to examine the effect of
atropine sulfate on pilot performance and to investigate physiological
ocorrvlates of this sffect. PFlight simulator performance, Sternberg
task performance, and subjective assessments of pilct errors were used
to examine the performance effects. To assess the physiologioal
effects of atropine, changes in electrocardiogram (ECG) and subjective
synptoms were recorded. Heart period and heart period variation
information was derived from the ECG recordings, and the variance
within the heart periods wu partitioned into an estimate of RSA
amplitude.
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Equipment

The equipment used to ocollect flight performance data consisted
of a fixsd-base flight simulator, ILLIMAC 2, an acronym for ILLInois
* Mioro Aviation Computer. The simulator wes modeled after the ILLIMAC
engineering prototype simulator which was desoribed in detail bdy
Taylor, Staples, Todd, and Harshbarger (33). Both the ILLIMAC
engineering prototype and ILLIMAC 2 were designed and developed by
Aviation Research Laboratary (ARL) personnel at the Institute of
Aviation, University of Illinois at Urbana-Champaign. In building
ILLIMAC 2, ARL personnel used the shell, base and rudder pedals of a
commercially available general aviation trainer (Figure 1). The
instrusentation, oomputer and electronic oomponents were designed and
oonstructed by ARL personnel.

The ILLIMAC 2 computer consists of a mioroprocessor section, a
special funotion section, and an input/output (I/0) section. The
microprocessor section oontains three boards: a Miocroprooessor board
with an 8086 chip, a PROM/RAM board that contains 32K bytes of memory,
and an Address Decode and Clock Prequencies board. The special
funotion section oonsists of an Array Processor doerd, a Trigonomstrioc
Digital/Analog. (D/A) board and a Trigonometric Look-Up Tables board.
The Array Processor board enables the single microprocessor to perform
simulation funotions at a 30-HZ rate. The input/output section
‘gontaing twalve printed oirouit boards that control I/0 functions
between the cookpit and the oomputer. These boards drive all analog
funotions in the cookpit, and moin digital and analog mfomuon
from the oookpit.

The ILLIMAC 2 simulates the flight characteristiocs of a complex,
high performance, aingle engine airoraft. The ILLIMAC 2 flight panel,
shown in Pigure 2, ocontains the instrumentation and
navigation/communication equipment to facilitate instrument flight
rules (IFR) approaches. The navigational facilities and airports
within a 512 aile (824 km) by 512 mile (824 km) area centered around
the University o Illinois-Willard Airport are programmed in the
oomputer. The ILLIMAC 2 system inoludes an X-Y flight path recorder
(Pigure 3) capable of horizontal or vertical tracings that can be used
to record appreaches to terminal facilities.

-h commeroially available 8086 computer with two eight-inch floppy
disk drives and a CRT (Figure i), connected to the ILLIMAC 2 by an RS-
232C line, was used to record digital performance data generated
during flight. The computer drove a spsech synthesizer to generate
and present auditory stimuli to the ILLIMAC cookpit.
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Figure 1. ILLIMAC (ILLInols Micro Aviation Computer) flight simuliator
used for the primary task. .

Figure 2. ILLIMAC flight panel.
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Figure 8.

8086 Microcomputer with CRT.
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A thoracic expansion bslt was vsed to record respiratory cyoles.
Standard ECG equipment, with three biopotential silver-silver chloride
electrodes, was used to record cardiac electriocal potentials. These
date were auplified and stored on magnetio tape using an FM tape

recorder (Figure 5). A separate mini-computer was used to convert
heart period data into beat-dy-beat periods to the mnut msec and to
sample respiration twice per second.

l‘igurs 5. Equipment used to amplify and rooord the electrocardiogram '
IECG) and respiration signals. ,
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Subiects

Twenty male general aviation pilots ranging in age from 19 to 30
years (mean 22 years) with no medical problems (FAA Class 2 Mediocal
Certificates) served as subjects. 'The subjects .ranged in weight from
61.2 to 107.2 kg (mean 76.9 kg). They were paid volunteers froa
' University of Illinois aviation courses who had received commercial
and instrument pilot training. The flight experience for the twenty
subjects ranged from 112 to 1150 flying hours with a mean of 307 hours
experience. All subjects had a wminimum of 19 hours in flight
simulators with the exception of one subject who had 5 hours of
previous flight simulator experience. This sudbject, an instrument-
rated pilot with 55 hours of instrument time, demonstrated acceptable
simulator profiociency prior to acceptance into the study. Simulator
experience for the remaining nineteen subjects ranged from 19 to 100
hours with a mean of 37 hours.

The subjects were seleoted on the basis of previous flight
instruction, scheduling availability, and medical screening. All
were fully informed of the purpose of the study, the amounts of
atropine sulfate to be administered, risks associated with the study,
scheduling responsibilities, testing procedures, and wages. They were
not informed of the sequence of drugs and were randoaly assigned to a
given treataent group. The subjects' intake of drugs and medication
was checked at the time of the physical examination used in screening
subjects, as well as immediately before each experimental session.
They were warned not to drink aloohol the night befors the experiment,
which could have dehydrated them and increased their discomfort.

During the session, the subjec“s were under constant observation
by either a Registered Nurse (RN) or a Certified Flight Inatructor
(CFI). The nurse drove the subject home after each session. All
subjects agreed not to fly solo for 24 hours after partiocipation. An
emergency kit with oxygen was available at the experimental site to
provide resuscitation squipment and medication in t.he event of a
medical problen.

The . use of human subjects in this project was reviewed and
approved by the University of Illinois' Institutional Review Board
(IRB) and the U.S. Army's Human Use Review Office. Each subject
signed a consent form approved by the IRB., Bach subject received a
pre-experimental physical including an ECG and test for glaucoma; each
subject was scheduled for a post-experimental physical.

Procedures

Experimental Scenario. The experimental scenario has been used
by ARL investigators to determine the effects of toxic compounds on
pilot performance (12, 14, 15). The scenario included a primary task,
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flying the simulator using standard instrument flight procedures, and
a seocondary task, the Sterabsrg choice reaction time task. The
primary task was representative of tasks that pilots typically perfora
vhen flying under IPR conditions. The secondary task was
representative of coamunication tasks that inorease workload by
requiring the pilot to receive, undontand, and respond to verbal

i.nfomtion.

lxgoriuntal Sessions. The experimental sessions included
simulator flights and physiological recording periods alternating on
20-minuts ocyoles as shown in Table 1. Each experismental session began
with a medical oheock when the RN asked questions about eating and
sleeping habits during the previous 24 hours and determined baseline
pulse and blood pressure readings. After the medical check-in, the
subject flew one 20-minute simulator flight to provide baseline data.
During the next 20 minutes, the subjeot was cheoked medically,
physiological data were collected, and then the subject received the
. appropriate atropine sulfate injection. In order to follow the time
ocourse of the effests of atropine, flight data and physiological data
were oollected during the remaining flight and medical check porioda,v
respectively, for three hours post-injection.

Pour-hour experimental sessions were scheduled one week apart for
seven consecutive weeks. The subjects completed a minimum of two
train_ing‘union- before the trsatment sessions began. The two
© training sessions acquainted the subjects with holding procedures, ILS
approaches, and the Sternberg task. The first experimental session
was used as an orientation and training session. Rach subject was
tested for the ability to perform the primary task within the limits
set by the Federal Aviation Administration (FAA) in the Plight Test
Guide for Instrument Pilot Candidates (34). The following limits were
used: altitude deviation, +/- 100 ft. (30.5 m); horizontal tracking
deviation (localizer), +/- 1.5 degrees; vertiocal tracking deviation
(glideslope), +/« 0.7 degrees; and rate of turn, 6 degrees per second.
Flight data were sampled once per second and the percent of samples
outside the presoribed 1imits (% out) were determined. Performance
during the second training session was considered acceptable if the
subject had less than 1§ of the sample outside the prescoribed limits
for each performance variable. Several subjects received additional
training to bring their performance within tolerance 1limits. During
the second session, a placebo injection was administered to
familiarize subjects with the injection procedure., The first atropine
‘'sulfate injection was given during the third session, at which tinme
the appropriate treatment sequence was initiated.
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Table 1

1700 -

Iypioal Experimental Session
TIMR ACTIVITY
13C0 - 1320 Medical Check-In
1320 - 1380 1st Simulator "Flight* Baseline Data .
13450 - 1300 Mediocal Chook,‘ Phya,ioiogioul Baseline Recording,
Syaptoms Questionnaire, and the Atropine Sulfate
Injection . '
1400 - 1420  2nd Simulator "Flight®
1420 - 1480  Medical Check, Physiological Recording, and Symptoms
Questionnaire
1840 = 1500  3rd Simulator "Flight®
1500 - 1520 Medioal Check, Physiological Recording, and Symptoms
: - Questionnaire »
1520 - 1540 Ath Simulator "Flight®
1540 - 1600  Medical Check, Physiologioal Recording, and Sysptoms
Questionnaire '
1600 - 1620  5th Simulator "Plight"
1620 - 1640 Medical Check, Physiological Recording, and Syaptoms
‘ Questionnaire
1640 - 1700 6th Simulatee "Flight®

Medical Check, Physiological Recording, Symptoms -
Questionnaire and Medical Surveillance . .

TOTALS = 2 hours in Flight Simulator

Y-hour Experimental Session
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An RN with advanced cardio-pulmonary resuscitation training
(ACLS) administered the atropine sulfate using an intramuscular
injection in the upper outer Quadrant of the hip. The injectiona were
alternsted each experimental session between the right and left hips.

All drugs were administered according to actual weight. The
injeotions used normal saline wi’.n bacteriostat to yleld constant
volumes for each subject, and the actual voluse depended upon the
subject's weight compared with the 75 kg standard. Using the
treataent order shown in Table 2, the subjects received atropine
injeations of 0, 0.006, 0.013, 0.026, and 0.053 mg/kg, which
oorresponded, respectively, to the 0, 0.5, 1.0, 2.0, and 4.0 ng/75 kg
treataent conditions. '

The first flight for each experimental session served as a
baseline flight. The appropriate injeotion of atropine sulfate was
administered during the rest period following the first flight after
baseline physiological data had been oolleoted. Performance data on
the primary and secondary tasks were collected for the remaining five
flights. BCG and respiration rate were recorded during the rest
periods tollowing the remaining five flights. All data were collected
under double blind oconditions. . -

Experimentsl Design

Four levels of atropins sulfate and a plascebo were administered
to each of the 20 subjects over the course of five experimental
sessions. A five by five Latin Square design was used to balance drug
order effects and saoh subject received each of the four levels of
atropine and placebo (Table 2). Each row had four subjects who were
~ randomly assigned; therefors, there were four subjects per group .and

each group had a difforont t.rutnont schedule.

The flight porromnoo and Sternberg task data wers autoutioally
recorded onto eight~-inch magnetioc diskettes for each experimental
session. Following each experimental session, the raw data files were
summarized and stored on diskettes for subsequext analysis.

For the primary task dependent variablesz, either one or two bytes
of information was usedt to code the flight performance data. For the
turn coordinator instcument, one byte was usged and two bytes sach wers
used for information from the altimeter, lonoslizer, and glideslope
instrumenta, The declmal equivalent of the unsigned binary (DEB)
number for cither 8 or 16 bits of information represented full soale
deflecotion for the various instruments. The RMS values were recorded
and analyzed in DEB units. The scaling factors to convert from DEB to
actual units are listed in Appendix A. The distributions of the RMI
variables were transformed using a natural logaritha transformation to
normalize the distributions.
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Table 2

Latin Square for Atropine Sulfate Traatmentst

Experimental Session

aroup®

. 0.5 1.0 2.0 o Mo
‘2 0 0.5 10 8.0 2.0
3 20 0 0.5 - 2.0 1.0
] 2.0 TR 0 1.0 0.5
5.

1.0 2.0 ' 4.0 0.5 0

Nots. The treatments are expressed in mg/75 kg.
_ Smeplicated for each flight. |
l’Pom' subjects per group.

The results of the five experimental sessions were compiled into
& master summary file and transferred to a mainframe computer for
statistical analysis using the Statistical Analysis System (SAS)
package (35). The SAS procedures used included: standardizing.
variables, univariate plots, general linear models (GLM), analysis of
variance (ANOVA), multivariate analysis cf variance (MANOVA), and
probit analysis. The Latin Square within subjects, repeated measures
analysis (Plan 12 desoribed by Winer (3€)) was used for the ANOVA and
MANOVA procedurss, This plan assumes that treatment, experimental
session, and flight are fixed effects and that subjects within the
groups is a random variable. Residual (1), the MS for subjeats
(within groups) x treatment, was used as the srror tera to test for
significance for (A) treatment, (B) experimental session, and (AB)’
Latin Square error. Residual (2), the MS for subjeots (within groups)
x flight interaction, was used as the error term to test for the
flight (C) main effect and flight x groups interaction. Residual (3)
was used to test the AC and the BC interaction, and (AB)’C. The error
terns were not pooled for any of the statistical analyses. '
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Primary Task. The primary task oonsisted of a direct eatry to a
holding pattern, the execution of three holding patterns, and a
simulated Instrument Landing System (ILS) approash for landing on
runvay 31 at the University of Illinois-Willard Alrport. These
maneuvers vere performed during a 20-minute simulator flight. The
primery task is illustrated in "igure 6.

The primary task was flown in & no wind ocondition with a low
level of randomly generated vertical turbulency. The flight task
started at an altitude of 3000 £t (914 a) with slow oruising power,
landing gear up, and flaps half extended.

Pigure 6. Primary flight task recording sheet.
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The flight began five miles from the outer marker (OM) (point in
Pigure 6) on a magnetic bearing of 313 degrees to the ILS navigational
aid loocated at the airport. The bearing of 313 degrees representad
the extended centsrline of runway 31. The outer marker was a low-
fregiuency radio station; a visual alert was provided on the simulator
instrument panel when the aircraft passed directly over the OM. The
subject was instructed to track the 313 degree bearing to the outer
sarker, execute three holding patterns and complete an ILS approach.
The standard holding pattern was oval and oonsisted of executing a 180
degree standard rate turn (20 degrees of bank, at 3 degrees of turn
per second), tracking an outbound heading of 133 degrees for one
minute, completing a second 180 degree standard rate turn, and
tracking an inbound bearing of 313 degrees for ¢ae minute. The
holding pattern was initiated and complated at the outer marker,

- Prior to completion of the third holding pattern, the coaputer
automatically generated verbdal instrustions that the subjeot was
ocleared for the ILS approach. The 1ILS approach from the OM %o the
runway consisted of a two-dimensional tracking task involving
indiocators that operate independently. For this task, the subjeots
used a standard ILS approash instrument, as shown in Pigure T (the
top, center inatrument). The vertical indicator, the localizer of the
ILS instrument, represented the extended runway centerline bearing of
313 degrees and provided lateral tracking information. The defleotion
limits of the localizer indicator were +/- 1.5 degrees. The
horisontal indiocator, the glideslope of the ILS instruaent,
represented a 3 degree angle of descent to the runway and provided
vertical tracking information. The deflection limits of the
glideslope indicator were «+/- 0.7 degrees. The difficulty of the
tracking task increased as the runway was approached. The sudject was
instructed to keep both tracking needles centered by establishing the
appropriate descent rate and simultaneously turning the airoraft to
track the localizer. The glideslope trajectory L3 illustrated in
Figure 8. The approach terminated with a simulated landing on runway
31. ‘

Throughout the primary task, the flight parameters of altitude,
rate of turn, localizer, and glideslope tracking were automatically
sampled at 1 Hz by the computer. The flight variables were atored in
separate arrays during both the holding and approach phases, depending
on whether or not a Sternberg task was being presented. The
differences between these arrays were used to test for Sternberg task
intrusion on the primary task. During the holding phase, the flight
variables were also stored in separate arrays depending upon whether
the aircraft was turning or in straight and level flight. This
distinction was made because the flight task was considered to be more
diffioult during the turning portions.
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Iigure 1. Navigational indiocators on the ILLIMAC flight panel (TOP -
Instrusent Landiag Systea (ILS) indiocator, CRUTER - VHF Cani Range

(VOR) imdicator, amd DOTTOM - Automatio Direotiom Pinding (ADF)
indiocator). ‘

oM - 3000’

Pigure 8. Profile viev of the primary flight task glide path.
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Task. During the flight, the Sternberg oholce reaction
time task was randomly presented as a secondary task to inorease the
workload of the subjest. The secondary task consisted of the
presentation of a warning signal, followed a second later by a
positive set of either 2 or ¥ letters that was randomly generated for
each presentation from a pool of 18 letters. Presentation of the
positive set sizes of 2 or A letters was alternated. The letters were
presented by a voice synthesizer. The test probe letter was presented
four seconds after the last positive set letter, and the probe had a
508 probability of being a member of the set. The four-second delay
was inocorporated to allow the echoic short-term auditory store to fade
(22). The subject was instructed to respond by pressing a thumbswitch
on the oontrol wheel forward if the probe was a member of the positive
set (true) and pulling aft if it was not (false) (25). The subjeot
was instructed to move the left thumb to the switoh upon hearing the
warning tone. Reaction time was recorded with a resolution of 33 mseo,
and if a response was not given within three seconds, then an error
vas recorded. The presentation of the secondary task required ten
seconds. The seccndary task was programmed to ococur randomly at a 50
percent probability (i.e., 60 times out of 120 possibla ten-second
_intervals during a twenty-minute flight).

Prior to each simulator flight, the subjeots were instruoted to
"Aviate, Navigate, and Communicate.® This instruotion provided the
following priorities: first, ocontrol the aircraft; second, practice
appropriate instrument procedures; and third, respond to the secondary
ocommunication task.

Physiological Recording. The physiological recordings were made
in a private room with the subdbject resting ocomfortably in a chair with
feet raised. Five minutes of ECG and respiration data were recorded
onto stereo magnetic tape during the rest period following each
simulator flight. BECG leads were attached to the right wrist, the
left ankle, and the left arm. The thoracic belt was fastened securely
around the lower ribs to monitor expansion during normal breathing.

After the physiological recording session, subjects answered a
13«-item symptoms checklist (Appendix B). They were instructed to
indicate how they felt at the time and how they normally felt. The
symptoms were directed at specific anticholinergic effects (i.se.,
dryness of the mouth, tachyoardia, cyocloplegia, photophobia, dry hot
skin, diffioculty swallowing, and palpitations). Other symptoms were
added and not expected to yleld consistent responses (i.s., nausea,
headache, ringing ears, fatigue, nyperactivity, and difficulty
talking). '




RESULTS

Prisary Task

Simulator flight data for heading, airspeed, relative bearing,
rate of turn, and lateral and vertical tracking were sampled once per
second. 3ix root mean square (RM3) deviation values were computed
(see Tadle 3).

Tadle 3
Primary Task Dependent. Variables

" Flight Phase Dependent Variabdble

Root Mean Square (RMS) Errors

Holding  Altituds Error While Straight and Level (ALT1)
Holding Altitude Error Wnile Turning (ALT2)®

Nolding Turning Rate Control While Straight and Level (TC1)
Bolding Turning Rate Control While Turning (7C2)%

Approach Localizer (Lateral) Tracking Error (LOC)

Approach ~ Glideslops (Vertical) Tracking Error (G8)

2 Rate of Turn > 1.5 degrees per seo.

Samples wers collected from the start of the primary task until
jnitiating the ILS approach to compute the RMS values for altitude and
turning rate. The localizer and glideslope RMS tracking errors were
computed for the ILS approach segment. Equation 1 was used to compute
the RM3 values. ‘
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SO (X4 - Xg)z

Whera: MMS s Root Mean Square
X = Semple Parameter (Altitude,
Banking, Loocaliser, or olidulopo)
X; = Value for the 1 Sample of
Parameter X
li s Targst Value for Parameter X
s Total Nuaber of Samples

M8 = Square Root

The mean RMS errors were plotted as a funotion of time (flight)
for sach of the six primary task dependent variables for the five
treatment conditions. (See Pigures 9, 10, 11, 12, 13, and 14). The

- predominant treataent effect can be seen by following the time course

of the A0 mg/75 kg treatment oconditiom. For all dependent varialles,
the increased mean RMS error for the %.0 mg treatment condition is
apparent for the second post-injeotion flight (time 1:00). The error
oontinues to increase or to remain essentially the same throughout the
resainder of the experimental session for the 4.0 mg conditions for
all dependent variables. WMo inoressed RM3 error can be seen for the

first post-injeotion flight (time :20) for any treatment condition.

There appears to be no difference between the oontrol and the 0.5 and
the 1.0 ag treatments. The 2.0 mg treatment ocondition shows inoreased
RMS error for the fourtk (time 2320) and/or f£ifth (uu 3:00) poste
injection flight for ALT1, ALT2, TC1, LOC, GS.

The log RMS scores for the twenty subjeots during the last five

flights (post-injection) were used in a multivariate analysis of
variance to test the main effects of treataent (atropine sulfate dose
level), experimental session (coluan), flight, group (row), and
subjeots (nested within groups). The data for one subjeot for one
flight was missing, The Latin Square within subjeots, repeaced
measures analysis previously desoribed was used for the MANOVA (36).
An approximate F-Test, based on Wilks' Criterion (37) resulted in
(28, 193) = 2.60, p<.0002 for the treatment main effect.

An approximate FP-test, based on Wilks' oriterion, was used to
test the main effect of flight (time since injection); the results
were F(24, 193) = 2.83, p<.0001. The main effect of subjects nested

‘within groups was significant, F(92, 1592) = 29.32, p<.0001. The main

eoffects of experimental session and group were not aignificant. The
treatment x flight interaction was significant, P(96, 1604) s 1.53,
p<.0009. The trentment by period, group by flighf, and period by

© flight interactions were not significant.
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FPigure 9. Mean root mean square (RMS) error for ALT1 (straight and
level altitude control) versus time for five treatment conditions.

36




3
;‘: 5.0 §
a
7]
» 49 2
2 s
S =
£ 48

4.7

oeebB
nwnu

Control = SE X 25

i A1

X 1 y 1
=20 0 20 1.00 1.40 2:20 3:.00

Time (hrs:min) . '

Figure 10. Mean root mean aquare (RMS) error for ALT2 (altitude
control while turning) versus time for five treatment conditions.
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Pigurs 11. Mean root mean square (RMS) error for TC1 (straight and
lavel turning rate oontrol) versus time for five treatment conditions.
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Pigure 12. Mean root mean square (RMS) error for TC2 (turning rate
control while turning) versus time for five treatment conditioms,
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Figure 13. Mean roet mean squere (RMS) error for LOC (horisontal or
localizer tracking) versus time for five treatmeat conditions.
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The main interaction effects for each of the six primary task
dependent variables were tested using analyses of variance (36).
Table ¥ summarizes the results of the six ANOVAS. All six analyses
had significant tresatment effeots. Linear contrasts between the

that the treatment effsot was primarily due to the difference between
the control the 4.0 mg treatament level. The 3-8 mg contrasts for
all aix dependent variables were significant; the ALT1, ALT2, TCt1, and
LOC contrast a p<.001 level of significance; the GS contrast had a
significance lavel of p<.01; and the TC2 contrast had a p<.05 level of
significance. | The contrast between the control and the 2.0 mg
treataent level for ALT2 (altitude ocontrol while turning) was
significant, p<.05. The main effect of flight was significaat for

five of the primary task dependent variables (LOC was the only

exaeption). he treatment by time since injection interaction
(treatsent x flight) was significant for four primary task dependent
variahbless TG1, TC2, LOC, and GS. The experimental session effect
was significant for TC2 only. Therefore, TC2 was plotted by
experinental session to illustrate the trend (Figure 15). Turning
rate control le turning (TC2) was significantly improved during the
course of the experiment.

In order to determine the time during which atropine produced the
most significant decrement in pilot performa-~ce, MANOVAs were computed
for each flight using the model previously discussed (36). The treat-
ment main effect waas significant for flights 3, 4, 5, and 6, but not
for flight 1 (pre-injection) and flight 2 (the first post-injestion
flight). The F-values and associated prodbabilities for the treatment
effects for flights 3, 4, 5, and 6 are as follows: flight 3, F(24,
193) = 1.87, p<.013 flight A, F(2%, 189) s 1.88, p<.01; flight 5,
P(24, 193) = 2.30, p<.001; flight 6, F(24, 193) s 2.92, p<.0001.

AROVAs were computed for each of the six primary task dependent
variables for|each flight. The resulta are summarized in Table 5.
The results indicate no significant differences for any of the depen-
dent variables for flights 1 and 2. Significant differences were
found for three of the primary task dependent variables, ALT1, ALT2,
and TC1 for flights 3, 4, 5, and 6, and for LOC for flights 4, 5, and
6. A sisnifiodnt difference was round for GS for the sixth flight and
significant differences were found for TC2 for flights 3 and 6.
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Dependent Variadle Tested

ANOVA ALTY ALT2 T¢I ~TC2 LOC as

Treatment®  8.10889 10,0808% g.Ngeee 2,798  7,908%8 3,169
mﬂt' ' 6. .3... 5. 60... 50 16.'. 1 053... 102. 2062.
Subjectd  B1.NORES 38,15088 62,7ASES 4K, 02088 33,55688 37,5GReN

Group® ~  0.95 ©  1.27  0.42  0.87  2.51 0.6
Session®  0.89  0.29  0.22  2.628  0.73  0.88
Treataent | Ve |

x Plight®  1.50  1.30  3.89% 1,710 2,318 1,818

.Mote. The _P_-Staus‘tica are reported for all main effects and those
interactions which were significant for any of the primary task
variables. The variable names for the abbreviations are listed in
Table 3. ' :

<05, "2<",°‘1' senp¢. 001,
ap(n, 60). br(15, 359). or(16, 359).
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Ireatment Effect for the Six

R CTmO——  ——————————

‘> Summary __f_ ‘the P-Statistics for the
Primary Task Dependent Variables for Bach ruggr

rchc‘

;:;:zn:.ﬁrubn 1 2 3 [] 5 6

ALTY %3 us 3.4308 | 4,3088 G, 91888 3 310
ALT2 ns »s 3.4500 | 4. 8188 G 41008 § 5N000
C1 s ns 5.19080 | 3 5400  13,06009 8, 54ene
Tc2 NS ns. 3.85% | s NS §.0400
as S NS ‘IS NS . NS §,2200
Loc XS NS NS 6.84s0e 3,368 7,N2000

#p<.05.  #9p<.01.  998pC.001. .
'r(s, 60).

Contrasts were computed between the control and each of the other
treataent oonditions. The results of the oont::sts are shown in Table
6. The primary loci of the portomnoo dec ts are in the 0 versus
.0 contrasts.

The log RMS scores for the six primary task dependent variables
for the fifth flight (2:20 post-injection) were converted to
standardized scores. Standardized scores for sach treatment condition
were plotted on one graph (Figure 16). The standardized RMS values
for five of the six primary task dependent variables (ALT1, ALT2, TCH,
LOC, and GS) showed a monotonic increase from the 0.5 to the 4.0 mg
treatment level. Turning rate control while turning (TC2) was
greater than the control only at the 4.0 mg treatment level. Three of
the six variables (ALT1, ALT2,-and. G3S) had imprioved performance at the
0.5 mg dose compared to the placebo control.
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Table 6

Dependent Variables for Each Flight

.2<‘°50 ..2<o°1u

Contrasts
Prim.ry Task
Dependent
Variable 1 2 3 ] 5 6
0-2%
ALT? ns us 0=t O=i8e o-4ses O-R0 84
A 0-2¢
ALT2 ns NS 0-488 O-ke8s  Q.4een O-l4ess
, 02888
TC1 NS NS O-488 O p8RE o-u!' O-ii#ss
TC2 s XS O-18 NS NS O=line
as NS NS NS NS ns 3 O-hae
‘ 028
LOC NS NS NS O=-A802  (.jee 0= 400
988p¢,001. NS = Not Significant.
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Pigure 16. Stamdardised root mesam square (RMS) tracking performance
versus atropine sulfate treataent at 2:20 post-injection.
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Procedural and Fatal Errors. The flight path recorder tracings
of lateral tracking for the holding and approach phases of the
simulator flight task were visually inspected. Figure 17 illustrates
typioal performance for the ocontrol (placebo) treatment condition that
represents "acoeptable” performance. Three flight instructors
visually scored the 600 data sheets for "procedural® and *fatal®
arrors. Prooedural errors were defined as evidence of deviation from

. normal FAA instrument flight procedures, temporary loss of direotiomal

oontrol or navigational signals, minor deviations outside of protected
airspace, or improper holding pattern timing. These errors were
considered significant, but were not expected to lead to damage to
persons  or property had they ocourred during normal aircraft
operations. Patal errors were errors that resulted in major
deviations outside of protected airapace, procedural errors from which
there was no recovery, or other errors which were likely to cause

injury to persons or property damage.

The reliability of the inter-rater judgments between éach of the
three instructors was determined. Correlation coefficients were oal-
aulated by ocomparing the number of subjects with procedural and with
fatal errors at each treatment level (summed for the last five
flights). Proocedural and fatal errors wers summarized separately.
Ten pairs of scores were used to compute each correlation coefficient.
The reliadbility coefficients were .953, .943, and .937, which indi-
cated that, when summarized in this manner, the flight instructors*
Judgments were similar. In order to determine the inter-rater
reliability of the judgments of procedural and fatal errors at the
individual flight level, a separate ocount was made of the number of
procedural and the number of fatal errors by each experimenter for
sach flight. The basioc data set oconsisted of 600 pairs of judgmenta
for procedural and for fatal errors for each pair of raters. Three
oorrelations were computed for the procedural errors and three for the
fatal errors. The correlation coefficients for the procedural errora
were .56, .60, and .67; and for the fatal errcrs the gcoeffiocients
were 50, .57, and .74, Due to the lack of inter-rater reliability at
the individual f1lizht level, the data were not analyzed further.

Sternberg Seocondary Task -

~

In order to test for intrusiveness of the Stearnberg task on the
primary task, the differences between each of the following primary
task dependent variables with the Sterndberg on versus off were
computed and used as the raw data for a univariate ANOVA test: ALT1,
ALTZ2, TC1, TC2, LOC, and G3. Only TC2 had a significant main effect
(Session, F(4, 60) = 2.49, ps.04). Two variables, TC2 and A!LT2 had
significant interactive effects. These ware the flight x group

interaction for ALT2 (F(16, 60) = 2.03, p=.03) and the flight x-

subjeot (group) interaction for TC2 (F(60, 358) = 1.49, p=.01). The
overall intrusiveness of the Sternberg task on the primary task was
minimal. More importantly, these findings suggest that whatever
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ri 17. Sample flight path recording for an "acceptadle” flighi
(subject = AT60, pre-injection flight, and session = 2). .
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effect the Sternberg task may have had on ru;n& performance, it did
not differ between drug treataent levels.

In order to determine 1if the subjects traded speed for accuracy
in their response to the Steraberg task across treatment sessions, the
percent acouracy and reaction times in seconds were plotted for the
holding and the approach phases of flight for each treatment level and
for the 2 and N positive set size. The acouracy and reaction time
data for the true and false responssa are oross plotted in Figure 18.
Compared to the approach phase, higher acouracy and faster response
times were found for the holding phase for both positive set sizes, 2
and &, The data for the two phazes lie in completely non-ovsrlapping
clusters. The results clearly show the decreased level of perfurmance
and the increased variability for both accuracy znd reaction time
during the approach phase. The data indicate that the Sternberg
task was a good secondary task. As the difficulty of the primary task
inoreased during approach, the speed of responding on the Sternbderg
task sharply decreased and the acocuracy of responding also decreased
substantially. The random pattern of data for the 2 and 8 positive
set size and across the different treatment levels within the approaoh
and the holding phases clearly indicates that there were no speed-
acouracy trade-offs as a funotion of treatment level.

To examine the effect of drug dose level oa performance of the
Sternberg task itself, the mean true and false reaction times for the
fiveé post-injection flights for the twenty subjects were plotted as a
funotion of positive set size (2 and ¥) for each of the treatment
levels. The reaction times for the holding phu. and the approach
phase were mphod separately (Figure 19). ‘

The datn plotted in Figure 19 fail to reveal any apparent
consistent treatment effects during either the holding or approach
phases for the true and false reaction times. In addition, the
variability during the approach phase was substantially greater thar
during the holding phase. As a consequence of this variability, a
decision was made to focus the primary analysis on the Sternberg data
from the holding phase. During the holding phase, the slopes for the
true reaction times were positive and the truve reaction times were
faster than the false reaction times. Thesa results are consistent
with the Sternberg model. The negative slopes of the false reaction
times for the holding phase, howover, are not consistent with the
Sternberg model.

/
s

An analysis of variance was used to test the significance of the
majn affects of treatment, flight, session, group, positive set size,

and true-false for the reaction time dependent variable; the following
first order interactions were also tested: treatment x true-false;
treatment x positive set size; and the positive set size x true-false
interactions for the reaotion time dspendent variable. There was no
or period main effscts significant. The true-false main effect was
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treatment main effect, nor were the flight, positive set size, group
signifioant, F(1, 15) = 69.1, p<.0001. The true-false x positive set
size interaction was significant, F(1, 15) = 9.95, p<.007, as was the
treatment x period interaction P(16. 76) = %.16, p<.0001. _

An ANOVA was used to test the significance of the main ‘effects of’
treatment flight, sassion, group, and positive set size for the
acouracy dependent variable; first order interactions were also
tested. There was no treatment main effect, nor were the flight,
group, session, or positive set size main effeots significant. The
‘treatment x session and the treatment x positive set aizo were
oimificwt (p<.01).

Physiological Results

The ECG and respiration recordings were analyzed using the
spectral analysis methods described by Porges et al. (26). The ECG
data collected during each five-minute recording period were digitized
and the mean heart period and the heart period variance were computed.
The digitized data were analyzed to compute V, or the variance of the
heart period for the frequency band which corresponds with normal
respiration (i.e., 0.12 to 0.30 Hz). The V and the HPV were
transformed using a natural logaritha tranaformation to normalize the
distributions. The respiratory recordings were submitted to spectral
analysis to verify that breathing frequenoies mincd in the 0.12 to
0.80 Hz frequency b‘nd

Means for the MHP, the HPV and the V diastributions were ocomputed
for each treatment condition for each of the six physiologloal
recording periods. These means are illustrated in Figures 20, 21, and
22, respectively. The -:05 time period for each figure represents the
pre-injection baseline recording for each of the five treatment
conditions. The mean and the standard error of ths mean (SE X) for

the control treatment condition for each time period are shown in each -

' figure as well as the means for the four levels of atropine. The pre-
injection baseline data for all three dependent vai'iables are closely
srquped, which indicates no pretreatament differences.

The means for the heart period data (Figure 20) reveal several
important trends. There is a decrease in MHP for the 4.0, 2.0, and
1.0 mg treatment conditions for the first post-injection time period
(:35). The peak effect for the 4.0 mg treatment condition occurred
during this period and was followed by a gradual recovery which was
still in progress at the end of the experimental session. The time
courses of the 2.0 mg treatment condition was similar, but the gradual
recovery was not sesn until the third post-injection period (1:55).
The peak effect of the 1.0 mg treatment condition occurred during the
second post-injection period (1:15) followed by a gradual recovery
which was complete by the fifth post-injection period (3:15). The 0.5
mg treatment condition showed an increass in the mean heart period
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Figure 20. Mean heart period (NHP) versus time for five treatment
conditions. .
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?1‘%:-' 21. Mean heart period varismes (EPY) versus time for five
trea t oonditions. -
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Pigure 22. Nesa respiratery sinus wrrhythaia smplitude estimate (V)
versus time for five treatment conditions.
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followed by a recovery. Tae mean for three of the final four post-
injection periods for the 0.5 ng treatment ocondition slightly exceeded
*1 Sl X.

Examination of the HPV means (Figure 21) and the ¥ means (Figure
- 22) indiocates similar dose-response time trends for the 4.0, 2.0, and
1.0 mg treatmsest oonditions as those observed for the MPH treatment.
The means for the 0.5 mg treatment condition, however, do not appear
to deviate significantly from the control mean for any 9f the post-
injection time periods for either the HPYV or the ¥V treatment
condition. :

The pre-injection recording (time = -:05) was tested for
significance. The pre-injection main effect for group (doss sequence
and randomly assigned subjects to groups) was not significant for any
of the three dspendent variables.

ANQVAs for the MHP, HPV, and v dependent variables, using the
Latin Square within subjects, repeated measures analysis (36) were
used to test the signifiocance of the main effects of treatment, time
(post-injection time period), subjects (nested within groups), group
(row), and experimental session (column) for each of the three
Jependent variables. The first order interaction effects were also
tested. The results for the main effects and the treatment x time
interaction of the three ANOVAs for MHP, HPV, and ¥ are sumsiarized in _
Table 7.

Por all thre. dependent variables, the main effects of treatment
and time (post-injection) were significant as was the treatment by
time interaction. The subjects (nested within groups) effect was also
significant, but the group and experimental session main effects were.
not significant. The significant treatment by time (post-injection)
interaction described the time duration of the atropine sulfate
effect. In order to examine the time course of the treatment effect
of atropine, an analysis of variance was computed for each post-
injection time periud for each dependent variable. The treatment main
effect for each post-injection time interval was signifioant for each
of the three dependent variables. The P-atatistics for all tests were
significant (p<.0001).

Linear contrasts were used to determine treatment effects between
the placebo and each of the other four treatment conditions. The
results of the linear contrasts for each of the post-injection times
for the three dependent variables are summarized in Table 8.

The ocontrasts betwsen the control and the 2.0 mg and betwesn the
control and the 4.0 mg treatment conditions for all three dependent
variables were significant (p<.0001) for all post-injection time
periods, which indicates that the MHP, HPV, and V all failed to return
to the control level during the experimental.session. The contrasts
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Tadle 7

Physiological Dependent Variables

Dependent Variable

Main and Interaction Effects " HPY v

Treataentd 102.00¢ 206,489 70.93¢
Tinet h 102178 152,978 1147
SubjectsP . 312.09¢ 51.18¢ 7.32%

(Nested within Groups) .

Groupa | 015 0.36 0.20
Seasion® 1.57 0.60 1.15
Treatment x Time® . 30.59 23.87% 3.469

#p<0.001. |
p(a, 60). Dr(15, 288).  Op(16, 264).
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Table 8

Dependent Variables for Bach Post-Injection Time Period

Treataent Contrast

Time Post-Injection

NS = Not Signficant.

(mg/ 75 kg) 135 1115 1355 2135 315
Mean Eeart Period (MHP)
0 - 0.5 ees |~ s L] .
0- 1.0 ns aese saee » ns
0- 2.0 ssse  aeee seee saee - asee
0 - 4.0 ssss  seee seee sane saes
Heart Period Variance (HPV)
0 - 0.5 s NS NS NS NS
0« 1.0 sese  ssee  aee NS s
0 - 2.0 2888 288 [ {2 2] [ 11]] 2008
0 - 8.0 anee anae anee Y anee
Rezpiratory Sinus Arrhythmia Amplitude (V)
0 - 0.5 NS NS NS H3 NS
0~ 1.0 N3 sens e . NS
0 - 2.0 LT asese sane 2nae asae
0 - 4.0 »ene TY) Y snae anae
*p<.05. "8pC.01,  #eEpC. 001,  #888p¢,0001.
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between the 0 and the 1.0 mg treataent condition were significant for
the first three post-injection periods for the HPV; thase contrasts
were significant for the second (1315), thkird (13155), and fourth
(2:35) post-injection periods for the MHP and V. The contrasts
between 0 and 1.0 mg were not significant for the final post-injeotion
period (3:15) for any of the three dependent variabler. This finding
incicates that the recovery was complete for all three dependent
variables at 3315 post-injection for the 1.0 mg treatment oondition.
None of the contrasts were significant between the 0 and 0.5 mg
treatment oconditions for HPV and V and only the first contrast for the
135 post-injection period and the last (3:15) for MHP was signifiocant.
Examination of Pigure 20 olearly indicates that the first difference
was the result of a significant inorease in the MHP (bradyoardia) for
the 0.5 mg treatment condition for the first post-injestion period
oompared to the oontrol condition. The 0.5 mg treatment condition had
no signifiocant effeot on HPV or V.

The respiratory data were subjected to speotral analysis and the
resultant spectral densities were checked to verify that the dominant
respiratory frequency occurred within the 0.12 to 0.40 Hz range for
all subjects during all treatments. 8Six hundred analyses were
examined; 97% displayed a maximal respiratory peak within the
specified range (see the example in Figure 23a). Approximately 10%
(of the 97%) had some interference from cardiac activity at the high
frequencies. However, in the analyses with cardiac interference, the
normal respiratory peak was still obaervable (Pigure 23b). Less than
2% displayed peak respiratory frequencies greater than or equal to the
limits of the 0.12 to 0.40 Hz range, and 1% of the recordings were
unreadable. Therefors, the use of the normal respiratory range was
Justified for the RSA estimates in the present study. '

The EDS0s of the atropine for the three dependent variables were
estimated using probit analysis. The quantal regponse used as the
oriterion was a 30% decrease in MHP, HPV, or V. The number of
individuals that had a 30% decrease for each treatment level was used
for the probit analysis for esach depsndent variable. The ED50s of
atropine for the 30% decrease were: '

(a) MHP = 2.52 g (X2(2, N:4) = 2.57, pu.28);
(b) HPV = 1.61 mg (X2(2, Na#) = 6.58, ps.04); and
0.98 mb (X2(2, N=4) = 1.21, pz.55).

(e) W

When the ED50s of the three dependent variables were compared, RSA
amplitude (V) was the most sensaitive indicator of the vagolytioc
effects of atropine sulfate.
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The baseline (pre-injection) and oontrol (sero dose) estimates of
RSA were examined using the average range (AR) metric of Sidell and
Caminskis (38). Thn highest AR observed for an individual was 38.5%
and the mean AR over all 20 subjects was 15.0%. : :

Symptoms Cheoklists. The number of individuals who reported
. symptoms on the cheoklists was tallied for each treatment level and
RED50s were estimatad for 6 of the 13 symptoms using probit analysis.
These six symptoms were the most frequently and oonsistently reported
symptoms during the study. The other seven were either poorly
oorrelated to dose, or the estimates obtained were unrealistic. The
results for the six symptoms are listed in Table 9. The ED50 estimate
for the symptom, "Dry Mouth," was 0.34 mg of atropine and the Chi-
Square of 1.3% indicated a good fit of the estimated prodit line. The
BD50 of 2.11 mg of atropine for "Diffiocult to Swallow® on the Chi~
Square of 0.06 indicated that the data £it the probdit line estimate.
For the symptom, "Hard to Read Checklist,® the ED50 estimate was 3.29

Table 9

ED50 Estimates for Six of the Reported Symptoms

Symptom Reported EDS0 (mg) _ Chi-Square®
| Dry Mouth 0.3% . 1,30

Difficult to Swallow 2.1 0.06%

Racing Heart ' 2.58 ' 2.74

Hard to Read Checklist , 3.29 ' 0.90¢

Lights Bright 5,28 4.38

Fluttery Chest 5,07 0.35%

Note. EDS50 = the affective dose level (mg) at which 50% of the
' individuals display the response (symptom).

#p>.10.

2 2(1, ! 3 “).
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mg of atropine with a Chi-Square of 0.90, which indioated a good fit.
Pinally, the ED50 for "Fluttery Chest® was 5.07 mg of atropine; the
Chi-Square of 0.35 indicated a good fit to the estimated probdit line.
Good fits to the probdbit line estimate were not obtained for "Racing
Heart®, with an estimated EDS50 of 2.58 mg of atropine and for "Lights
Bright,” with an estimated ED50 02 4.28 mg of atropine.

Post-Participation Questionnaire. After the study ended, the
subjects were asked to oomplets the post-partioipation questionnaire
in Appendix C. Nineteen of the twenty aubjects complied. From those
results, it 1s apparent that all persons receiving 4.0 mg of atropine
. sulfate parceived the effects. About two-thirds complained of visual
problems, and approximately one-third complained of dizziness,
headache, fatigue, and confusion. Rleven (59%) reported that the
syxptoms were worse than expected and would not participate in a
similar experiment again. The side effects of the 4.0 mg treatment
level were felt for an average of 1A hours with a range of 2 to 48
" hours reported.

DISCUSSION

The results from the primary task dependent measures clearly
indicate the effects of atropine on pilot performance. Eaoch of the
six primary task dependent messures were signifiocantly affected by -
atropine and all variables except the localixer tracking variable
shoved a significant time (flight) effect. The time x flight
interaction was significant for four of the primary taak dependent
variables. None of the primary task performance decrement effeots,
however, were cbserved for the first post-injection simulator flight.
The first significant effects were found for the second post-injection
flight (1:00 post-injection). Contrasts for this flight indicated
that the effects were due to the differences between the 0-4 mg
treatment ocondition for altitude and heading control while straight
" and level, and for altitude control while turning. These variables
were the most sensitive of the primary flight dspendent measures to
the effects of atropine. Significant effects were found for this
treatment level for the remainder of the flights at the following
post-injection time periods:s 1:40, 2:20, and 3:00.

The final flight occurred 3 hours post-injection and was the only
flight for which the treatment effects for all of the primary flight
dependent measures were significant. Contrasts for this flight
indicated that the principal treatment effoct was the 4.0 mg dose
level, although one 0-2 mg contrast was significant. These data and
the mean RMS error data for all six primary task dependent variables
for the 4.0 mg treatment level fail to indicate any substantial trend
toward reversal of the performance decrement process. Indeed, a
substantially longer experimental session would have been required to
permit performance to return to the baseline condition.
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The oontrasts for the treatzent effeot for the six primary task
dependent variables for each flight indicated that the 0-4 mg
treatment contrast was significant for 17 of 18 contrasts computed.
This finding indicates that the 4.0 mg treatment condition produced
the most significant effects for esach dependent variable across the
last four post-injection time periods. Four of the cells which had
significant 0-4 mg contrasts also had significant 0-2 mg contrasts,
which indicated that the 2.0 mg treatment level produced a substantial
performance decrement. The O-1 mg contrast for the TC2 variable for

the third flight was significant.

The 4.0 mg treatment ocondition consistently reasulted in
performance decrements fcr flight tasks observed. Some performance
decrements occurred for the 2.0 mg treatment level, but these
decrements appoared later, were not as consistent across flight tasks,
and generally persisted for a shorter time duration compared with the
3.0 mg treatment effeota. These dose-response relationships were .
expected. No substantial primary task performance decrements should
be expected for the 0.5 and the 1.0 mg treatment conditions.

- A ocomparison of the six primary task dependent variables at the
- 2320 post-injection time period indicated that five of the variables
showed a monotonic increase in mean RMS error (reduced performance) as
the lavel of atropine was increased beyond 0.5 mg. This finding
demonstrated the orderliness of the dose-response of atropine when
measured by the primary task dependent measures. Other investigators
nave found dependent variables involved in & pilot's control of a
flight simulator to be sensitive to the following toxic substances:
secobarbitol (7); alecohol, (8, 9, 10, 11, 12); marijuans, (13); and
‘anti~emetic drugs, (13). The present study has clearly demonstrated
that RMS error for altitude and heading control while both straight
and level and turning, and for dual task tracking is effective in
deteocting over time the dose-response effects of atropine.

Some performance decrement should be expected within 1:40 after
injecting 2.0 mg of atropine and substantial performance decrements
should be expected within 1:00 hour of administering a 4.0 mg
“injection of atropine. The substantial performance effects of the 4.0
=g dose level should be expeocted to continue for over two hours.

Klein (39) recommended that the known performance decrements
resulting from ethanol be used as references for other drugs. In
order to provide this reference, the average decrements from this
study were compared to the results of a study (12) which used methods
similar to those used in the present study to examine the effects of
0.014%, 0.038%, and 0.082% Blood Aloohol Levels (BALs). The
difference between treatment means and the placebo means for the five
primary tasks, for which a significant alcohol treatment effect was
found, was used to calculate the percentage performance decrement f'or
the 0.082% BAL level for the five dependent variables. The percentage
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performance decrements ranged from 4.8% to 11.15. These decrements
for the 0.082% BAL level were used as the quantal response oriteria.
The nuaber of subjects for each atropine treatment level that exceeded
the oriteria for any of the five dependent variables was caloulated.
Probit analysis was usei to estimate the ED50 for the level of
stropine equivalent to the decrement found for the 0.082% BAL ethanol
level. The result was an BD50 of 3.12 mg of atropine sulfate
( 2(1, Nad) =2 0.0001, pz .997). The Chi-Square provided a very good
£it to the probit line estimate. These data indicate that in fifty
percent of the pilots, the performance decrement on at least one of
the primary flight tasks caused by a 3 mg injection of atropine will
be similar to that caused by a 0.082 BAL.

It should be noted, however, that this analysis was provided in
order to give some indication of the magnitude of the perforsmance
decrement as a result of a 2.0 or X.0 mg atropine injection. There is
soms evidenoce that the observed performance deorements on the primary
tasks may represent a conservative estimate of pilot performance that
may cocur in the aircraft. Billings et al. (7) found smaller
perforsance decrements in the simulator than in the aircraft.

The St'o"rnbors task clearly fulfilled its role as a secondary
task, loading the pilot's residual capacity. This load was most
olearly demonstrated by the differences in Sternberg task performance
between holding and approach phases.

. Interestingly, despite the pronounced effects of drug treatment
on the primary flight task, drug treatment failed to show any
influsnoces on the Sternberg task. Thred possible explanations may bo
offered for tbin lack of effectt

(1) Subjects treated the Sternberg task as "primary,” and
allocated resources away from the flight task to protect it from the
detrimental effects of the drugs. This appears to be unlikely,
‘however, because, as reported above, the effect of the Sternberg task
on tracking performance did not differ as a function of drug level.
It would have been expected to do so, if the subjects had treated the
Sternberg task as a primary task.

(2) Systematic drug effects on the 3Sternbers task were masked by
the high degree of between and within subject variability in the
~measure. This variability, coupled with the low power of the design,

led to the negative effacts that were observed. This explanation is
also somewhat unlikely because the data in the holding phase were in
fact quite orderly with rsgard to the effects of set size and response
typs. This orderliness would not have been expected had there been
high levels of variability.

(3) The third hypothesis is that atropine sulfate failed to
influence the cognitive processes involved in performing the Sternberg
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task. This oonclusion then requires an examination of the differencss
between the Sternberg task (unaffected) and the flight task
(affected). Task analysis reveals a large number of charscteristiocs
upon which the two tasks differ. These include the complexity and
modality of the input (one auditory input versus several visual
inputs), the code of central processing (verbal versus spatial), and
the complexity of response (discrete versus analog). It can be stated
with some degree of certainty that it is not simply the greater
absolute difficulty of the flight task that led to its greater
susceptibility to the treatment. Such an explanation might account
for a difference in effect between single task flight and single task
Sternberg perforamance, but not betwesn single task flight and dual
task Sternberg. In fact, if the absolute difficulty were responsible
for the difference in effeot, then the greatest drug effect should be
expected in the dual task condition. This, of course, was not found.
Determining precisely which information processing oharacteristics
_ made the Sternberg task immune from the atropine sulfate levels
employed here, while at the same time ocaused flight performance tc be
adversely affected, will require that further data be col loctod in
order to examine information processing skills.

Aside from the absence or a drug effect on the Sternberg task, a
secondary effect that was of interest was the significant interaction
between memory set size and response type. The unexpected form of
this interaction related to the negative slope of the false responses
(i.e., "false™ responses were faster to a set size 4 than to a set
size 2). While Sternberg's memory search model provides no ready

ounting for such a finding, the assumptions of that model are based
entirely on single task data. In contrast, Micallizi and Wickens (20)
reviewed the applicetions of the Sternberg Task to dual task
environments and noted two investigations, by Spicuzza, Pinous, and
O'Donnel (40) and Crawford, Pearson, and Hoffman {i#1), in which
negative slopes in the 3ternberg Task were obtained in dual taak
conditions. Interestingly, both of these studies involved
applications of the Sternberg task to the flight simulator environment
with auditory stimulus presentation--precisely the same conditions
employed hers., Furthermore, the negative slope for "false" responses
obtained in the present results is also consistent with the data froa
a second study currently being conducted 1n our laboratory.

. Research is currently underway in our laboratory to deternino the
possible cause of the aegative slope for "false" responsea. Dne
specific hypothesis is that, when confronted with a stimulus that does
not match a representation in memory on a set size 4 trial, subjects

" truncate their search process. The conasequenca would e a more rapid,
but potentially less accurate response (i.s., an inoreased chance of
saying "no" to a positive stimulus). This strategy in turn would
produce a higher error rate for positive stimuli. The data from the
ongoing study are ourrently being examined to detoruina if this is the
case.
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At the present time we are unable to interpret the treatment x
experimentzsl interaction found for both the RT and accuracy variables.
The treatment x set size is also puzzling. Purther studies will be
required to interpret these interactions.

The MHP, HPV and V data clearly indicate the physiological
effects of atropine sulfate and the time course of the effect. The
decrease in MHP for the 4.0, 2.0, and 1.0 mg treatment conditions
observed during the first post-injestion recording period (:35) was
expected. OQther investigators (3, 4, S5) have reported an early onset
of rapid tachycardia. Since the peak effect of reduced MHP for the
8.0 mg treatment was observed during the first physiologioal recording
period in the present study, the early time course and the absolute
peak effect cannot be determined with certainty. The gradual recovery
of MHP for the 4.0 mg treatment condition was orderly and still in
progress at the end of the experimental session. The time courses of
the 2.0 mg and the 1.0 mg treatment conditions were similar to the
. time course of the 4.0 mg treatment condition. The observed dose-
. response relationships were also expected.. The MHP data for the 0.5
ng treatment level showed the expected bradycardia followed by a
recovery. Cullumbine et al. (3) reported similar increases in mean
heart period for low atr pine levels.

The HPY and the § means showed similar dose-response time trends
as those observed for the MHP means, except no bradycardia was
observed for the 0.5 mg treataent oondition. Higher atropine levels
resulted in rapid parasympathetic effeots as had been reported by
Ketchum et al. (4). The rapid onset of the physiological effects and
partial recovery indicates rapid blocking of the vagal influence on
the heart. The observed partial recovery from the vagal block for the
2.0 and 1.0 mg dose levels during the final two hours, while
performance effects were increasing, may indicate that the predominant
vagal effect of atropine sulfate, at these dose levels, is related to
the afferent feedback from the atretch receptors of the lungs to the
medullary area. Porzes et al. (26) discussed thias physiological
mechanism as one of the mechanisas for RSA. Yongue et al. (27) had
previously demonstrated that injeotions of atropine methylnitrate in
rats produced a peripheral block of the vagus and decreased v.

As expected, the dose-response relationships for performance
effects, physiological effects and symptoms varied significantly among.
the individual subjects. Probit analysis provided estimates that
account for individual differences. Comparisons of the estimates of
the atropine level at which 50% of the population will experience a
308 decrease in MHP clearly indicated that V was the most sensitive
indicator of the effects of atropine on the vagal influence of the
heart. These findings support the conclusions of Yongue et al. (27).
They concluded that V is sensitive to changes in the vagal influence
on the heart and that V respouided in a different manner than MHP and
HPV.
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heart period data in this study were converted to heart ra‘e
in order to compare the results to those reported by Ketchum et al.
(8). The ED50 for a 30% inorease in heart rate was computed after
oconverting the heart period data to estimated heart rates (HR = 1000 /
HBP x 60). This ED50 was 1.66 mg ((2(2, Ns¥) s 2.478, ps.29). The
loulated to be 1.32 mg by Ketchum et al. (¥) was similar to
rved in the present study. The minor difference between the

subjective symptoms and to give estimates of ED50s is informative. As
» if a 0.5 mg injection of atropine sulfate is given, one can
expect 50% of the population to experience dry mouth. Clinically, 0.4
Bg of atropine sulfate is used to produce that particular symptom. A
1.0 mg level of atropine will produce the same effect for a longer
duration. The 2.0 mg level will produce difficulty in swallowing and
some plaints of tachycardia. The 4.0 mg level will produce higher
incidences of the symptoms produced by the lower dose as well as
visual pffects that may be very significant to aviators.

side effects from the 4.0 mg atropine injection were reported
to contiinue for an average of 14 hours after the injection. This
finding| was comparable to the typical duration of effects reported by
Ketohum et al. (4) of 10 to 12 hours. The subjects' comments about
dizzinass and the occasional note by the RNs about ataxia indiocate
that these symptoms should also be quantified in future atropine
sulfate| studies. .

The use of atropine sulfate during complex task performance is
not normally recomsended. However, in the case of military pilots who
are required to operats in a high risk chemical warfare environment,
auto-injection and/or pretreatment with atropine sulfate may be.
essential to survival. A single 2.0 mg atropine self-injection is
expected to result in some reduced ability to perfors complex pilot
tasks, ind should be used only when there is a very high probability
of oxpdaure. This conclusion is different than that reported by
Cullumbine et al. (3), who reported that 2.0 mg ocan be recommended as
a safe dose in the absence of anticholinesterase exposure. A 4.0 mg
1njeot1§n‘ was found to produce significant performance decrements and
. to clesrly inorease the risk of error by pilots while performing
complex tasks. In the case of known chemical agent exposure, the
tolorathoo to atropine sulfate, however, is much greater and one

assunes| that atropine can be injected without inoreasing the risk of
additional performance decrements. '

The difterence in the time course of the dose-response
rolatiohships for performance decrements, physiological response and
aynptois was one of the most interesting findings of the present
study. (This finding also appears to provide information of potential
opsrati 1 significance for the use of atropine sulfate among Army
aviators.
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The performance deorements for the 2,0 mg atropine level were not
significant until 1:40 post-inject:lon. At the 4.0 mg level of
atropine, the performance decrements were significant during 1:00
.post=injeotion. On the other hand, the physiological effects were
noted at :35 post-injection. Unlike the immediate parasympathetic
effects (i.e., dry mouth and tachycardia), the performance decrements
lag considerabdly. The time course of the performance and
physiological effects found in this study are supported by the
findings of Cullumbine et al. (3), Ketchum et al. (i), and Sawka et
al. (5), who reported rapid tachycardia and dry mouth, and by Moylan-
Jones (6) and Ketchum et al. {4), who reported the delayed onset of
ocognitive performance decrements.

This lag in performance decrements when compared to the
physiological symptoms may perait the military pilot who injeots
atropine sulfate, but has not been exposed to a chemical agent, time
“to land safely. With higher levels of atropine, howevar, ths lag
between atropine injection and physiological performance effects is
reduced. If an Army aviator injscts U.0 mg of atropine and experiences .
the effects of atropine (e.g., tachycardia and dry mouth), it is
expectad that performance decrements as a result of atropine sulfate
will follow. The physiologioal symptoms can be used as an alerting
signal to the aviator to land before a significant decrement in
performance is experienced.

The results of the present study should provide additional
information to Army policy-makers regarding the use of atropine
sulfate in a high risk chemical warfare situation. These results
should be repliocated using Army aviators flying Army tactical
scenarios. Based on the results of the present study, follow-on
research should concentrate on the higher doses of atropine sulfate
(1.0., )2 .0 and &, o mg) and disregard the 1ouer doses (1.e., 0.5 and
1 0 -8 LI \
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?( Parameter Recorded

Turn Needle (TC)

True Heading

Altimeter (ALT)

Airspeed

Looalizer (LOC)

Glideslope (GS)
" ADF Needle

APPENDIX A
CONVERSION SCALE FOR DEB UNITS

Pull Soale
9.00 ’40@«.
180 degrees
8000 feet
681.8 mph
2.5 degrees
0.7 degrees
180 degrees

T4

Soale Number
0.0703 x DEB

0.0055 x DEB
0.2441 x DEB
0.0208 x DEB

7.63x8-5 x DEB
2.14xB-5 x DEB

0.0055 x DEB
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APPENIIX B
SYMPTOMS CHECKLIST

FLIGHT #

AVIATION RESEARCH LABORATORY
SYMPTOMS CHRCKLIST - ATROPINE EXPERIMENT
Pleass ocomplete this check’ist after every flight.
Circle the most appropriate symptom level for your present condition.
Place an X through the point which you oconsider "normal® for you.

1. Moist Cool Skin 1

2 3 8 5  DryHot Skin

'2. Easy to Read this Cheoklist 1 2 3 A 5  Hard to Read

3. Speaking Fluently 1 2 3 4 5  Difffoult to Talk
A. Lights Dark 1 2 3 85  Lights Bright

5. Slow Heart . 1 2 3 4 5 Raocing Heart

6. Salivating Excessively 1 2 3 4 5 Dry Mouth

7. No Headache 1 2 3 485 Head Hurts

8. Lethargio . 1t 2 3 4 5 Hyperactive

9. No Nausea ' 1 2 3 85 Nauseated
(10.‘In§ornally Calm 1 2 3 4 5 Fluttery Chest

11. Dull Hearing - 1 2 3 4 5 Ringing Ears

12. Normal Swalloving 1 2 3 8 5  Difficult to Swallow
13. PFatigued 1 2 3 4 5 Energetic
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APPENDIX C
POST-PARTICIPATION QUESTIONNAIRE

a. Did you know which week you received the highest dose?

b. Bow did you know? . |

°. aov long did you feel the effects of that Aose?
2hrs  Abrs 6brs 8hrs  12brs 28 hrs

d. Desoribe the effects you felt in descending order, strongest
first. ,

1.
2.
3.
A,
Desoribe any feelings of mental confusion you had.
Did you sver Jeel out of sontrol after the mjooiiona?
Were the effects you felt botur or worse than you naé¢ imagined?

Would you rur in another similar cxpormnt.? Hould you encourage
your friends to? .

Cln you think of any way to make the oxpérimnt better? safer?

Did you feel you had enough explanation of the effecta/side
effects of the drugs given?

Can you 11;£ any change in procedure that could make the
oxporinont easier/ bor.ter on your part?

Did you feel the lengtin of the sessions was too long, too short or
appropriate? :
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